gene essentiality predictions. None of ATP synthase genes in iSM810 (atpA, atpB, atpD, 3 2 2 atpE, atpG, and atpH) was predicted as essential because these were linked to the 3 2 3 same reaction using "or" Boolean logic, meaning the presence of one gene was 3 2 4 sufficient to allow the reaction to proceed. Thus, further improvement of iSM810 for 3 2 5 more accurate prediction of essential genes could be achieved by connecting such 3 2 6 essential metabolites to the biomass function. Conclusions. In this study, we utilized functional genomics and comparative sets of essential and conditionally essential genes from different approaches and functional genomics approach to in silico predicted essential genes highlighted current 3 3 2 gaps in knowledge regarding M. tuberculosis metabolism. Our study provides a that can lead to the discovery of novel targets for antitubercular drugs. 
Materials and methods

7
Media and growth conditions. M. tuberculosis H37Rv was grown aerobically at (21) and Mtb YM rich medium (Table S1 ) agar plates were used to generate M. Transposon mutagenesis were performed as previously described (42).
4 6
Mycobacteriophage phAE180 (42) was used to transduce a mariner derivative 3 4 7
transposon Tn5371 (43) to M. tuberculosis H37Rv that was grown until mid-log growth plate and Mtb YM rich plate and incubated at 37 °C for 2-3 weeks. To generate a library was generated in duplicates. Tn-seq. Genomic DNA (gDNA) was prepared from each sample as previously described (44). gDNA was then fragmented using an S220 Acoustic DNA Shearing Device (Covaris). After shearing, adapters were added using an Illumina TruSeq Nano DNA library transposon junction enriched sample was diluted 1:50 with water and then amplified to add 3 6 3 the flow cell adapter and i5 index to the enriched Tn-containing fragments using the The amplification reaction was as follows: 5 µl template DNA (from PCR 1), 1 µl nuclease-3 6 9 free water, 2 µl 5x KAPA HiFi buffer (Kapa Biosystems), 0.3 µl 10 mM dNTPs (Kapa Biosystems, 0.5 µl i5 indexing primer (10 µM), 0.5 µl p7 primer (10 µM). Cycling conditions 3 7 2 were: 95°C for 5 minutes, followed by 10 cycles of 98°C for 20 seconds, 63°C for 15
seconds, 72°C for 1 minute, followed by a final extension at 72°C for 10 minutes. Amplification products were purified with AMPure XP beads (Beckman Coulter) and the uniquely indexed libraries were quantified using a Quant-IT PicoGreen dsDNA assay (Thermo Fisher Scientific) and the resulting fragment size distribution was assessed 3 7 7 using a Bioanalyzer (Agilent Technologies). The resultant Tn-seq library was sequenced 3 7 8 using a HiSeq 2500 HO, 125 bp PE run using v4 chemistry (Illumina). Tn-seq analysis. Sequence reads were trimmed using CutAdapt (45). We first transposon sequence at the 5` end were discarded. After the 5` trimming process, all the 3 8 3 sequence reads begin with TA. We then trimmed sequence reads for adaptor sequences 3 8 4 ligated to 3`end (GATCCCACTAGTGTCGACACCAGTCTC). After the trimming, we 3 8 5 discarded the sequence reads that were shorter than 18 bp. The default error rate of 0.1
was used for all for all trimming processes. The trimmed sequence reads were mapped (allowing 1 bp mismatch) to the M. reads at each TA site were counted and converted to the .wig format, the input file format for TRANSIT (14) using a custom Python script (S1 Appendix). Subsequent statistical 3 9 1 analysis for gene essentiality (Bayesian/Gumbel Method, HMM, and resampling method) 3 9 2 were performed using TRANSIT (version, 2.0.2) (14).
The Bayesian/Gumbel Method determines posterior probability of essentiality of 3 9 4 each gene (shown in zbar column in Dataset S1). When the value is 1 or near 1 within the
threshold, gene is called essential. When the value is zero or near zero the threshold, gene is called non-essential. When the value is between the two threshold, neither near 3 9 7 zero nor 1), gene is called uncertain. When the value is -1, gene is called small because it is considered that gene is too small to determine posterior probability of essentiality. Thus,
we analyzed essentialities of small and uncertain genes by HMM. All essential genes 4 0 0 identified from uncertain or small genes were listed in Table S2 . Most metabolites present in the media were given unlimited boundaries, because these 4 1 0 metabolites were not expected to be limiting, and also because they were present at an orphan gene) (39). The biomass reaction originally described for iSM810 was chosen to 4 1 6 define growth. FBA was performed using the COBRA Toolbox Matlab package (47, 48) .
The unconstrained uptake fluxes were set to '1'. Gene essentiality was assessed using the Comparative genomic analysis.
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Following comparative genomic analysis was carried out as previously reported (50).
2 7
In brief, the pan and core genomes were defined using Roary software (51). Complete and obtained from PATRIC database (1st October, 2017) summarized in Table S6 were 4 3 0 reannotated to generate gff3 files using PROKKA ver. 1.1.12 software (52) and to include 4 3 1 annotation of a reference strain H37Rv. Homologous proteins (i.e. protein families) were 4 3 2 clustered using the CD-Hit and MCL algorithms. The BLASTp cut-off value was set at 95%. The number of core-and pan-genome protein families were estimated via genome sampling up to the number of input genomes at the default setting in Roary (Dataset S2). . 
